Canadian Neutron Beam Centre, Chalk River, ON, Canada. The spatial organization of lipids and proteins in biological membranes seems to have a functional role in the life of a cell. Diverse evidence supports participation of lipid microdomains (rafts) in membrane processes including protein sorting and signaling. Raft functionality may well involve the reversible coalescence of small and transient domains into larger stable structures that act as platforms for organizing protein machinery. While micrometer-sized domains are observed with some model membrane mixtures, rafts much smaller than 100 nm_beyond the reach of optical microscopy_are now thought to exist, both in vitro and in vivo. We have used small-angle neutron scattering, a probe-free technique, to measure the size of nanoscopic membrane domains in unilamellar vesicles. These experiments were performed using a four-component model system containing fixed proportions of cholesterol and the saturated phospholipid 1,2-distearoyl-sn-glycero-3-phosphocholine (DSPC), mixed with varying amounts of the unsaturated phospholipids 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC) and 1,2-dioleoyl-sn-glycero-3-phosphocholine (DOPC). We find that liquid domain size increases with the extent of acyl chain unsaturation (DOPC:POPC ratio). Furthermore, we find a direct correlation between domain size and the mismatch in bilayer thickness of the coexisting liquidordered and liquid-disordered phases, suggesting a dominant role for line tension in controlling domain size. While this result is expected from line tension theories, we provide the first experimental verification in free-floating bilayers. Importantly, we also find that changes in bilayer thickness, which accompany changes in the degree of lipid chain unsaturation, are entirely confined to the disordered phase. Together, these results suggest how the size of functional domains in homeothermic cells may be regulated through changes in lipid composition.
1474-Pos Board B204 Lipid Bilayers Containing Sphingomyelins and Ceramides of Varying N-Acyl Lengths: a Glimpse into Sphingolipid Complexity
Noemi Jimenez-Rojo, Aritz B. Garcia-Arribas, Jesus Sot, Alicia Alonso, Felix M Goni. Unidad de Biofisica (CSIC-UPV/EHU), Leioa, Spain. The thermotropic properties of aqueous dispersions of sphingomyelins (SM) and ceramides (Cer) with N-acyl chains varying from C6:0 to C24:1, either pure or in binary mixtures, have been examined by differential scanning calorimetry. Even in the pure state, Cer and particularly SM exhibited complex endotherms, and their thermal properties did not vary in a predictable way with changes in structure. In some cases, e.g. C18:0 SM, atomic force microscopy revealed coexisting lamellar domains made of a single lipid. Partial chain interdigitation and metastable crystalline states were deemed responsible for the complex behavior. SM:Cer mixtures (90:10 mol ratio) gave rise to bilayers containing separate SM-rich and Cer-rich domains. In vesicles made of more complex mixtures (SM:PE:Chol, 2:1:1), it is known that sphingomyelinase degradation of SM to Cer is accompanied by vesicle aggregation and release of aqueous contents. These vesicles did not reveal observable domain separation by confocal microscopy. Vesicle aggregation occurred at a faster rate for the more fluid bilayers, according to differential scanning calorimetry. Contents efflux rates measured by fluorescence spectroscopy were highest with C18:0 and C18:1 SM, and in general those rates did not vary regularly with other physical properties of SM or Cer. In general the individual SM and Cer appear to have particular thermotropic properties, often unrelated to the changes in N-acyl chain. We present a series of small angle x-ray scattering measurements in which vdW forces are controlled by the nature and electrical polarizabilities of aqueous solutes. We then discuss the interplay of vdW and electrostatic interactions inherent in these systems and heighlight their relevance to biological membranes.
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1477-Pos Board B207 Thermodynamic Characterization of the Association of Cholesterol with
Phospholipids with Varying Degrees of Unsaturation Marshall J. Colville 1,2 , Drake C. Mitchell 1 . 1 Department of Physics, Portland State University, Portland, OR, USA, 2 Field of Biophysics, Cornell University, Ithaca, NY, USA. The preferential association of cholesterol with saturated phospholipids, especially sphingomyelins, is responsible for the formation of coexisting fluid phases in lipid bilayers, and is believed to play a critical role in the existence of more ordered membrane domains in biological systems, sometimes termed lipid rafts. The coexistence of separate fluid phases in model bilayer constructs must be an equilibrium phenomenon, and titration of bilayer cholesterol content allows for thermodynamic characterization of cholesterol partitioning. To achieve a more complete understanding of the parameters governing phase separation, high sensitivity isothermal titration calorimetry was employed to investigate the effects of degree of unsaturation at the sn-2 position of a series of biologically relevant phospholipids. Cholesterol was either extracted from or added to bilayers of a single phospholipid component, allowing determination of a partition constant and enthalpy of transfer. By varying the relative cholesterol content of the bilayer, the nonideal partitioning behavior was also investigated. It was found that the relative affinity of cholesterol for the bilayer decreased in a generally monotonic manner in response to increasing unsaturation, with the exception that both 20:4n6 and 22:6n3 acyl chains at the sn-2 position showed similar partition constants and enthalpies of transfer. The partitioning of cholesterol was also measured in membranes composed of mixtures of 18:0,22:6 PC and sphingomyelin. Values of both the partition constant and enthalpy of transfer extrapolated to pure sphingomyelin matched those previously reported for mixtures of 16:0,18:1 PC and sphingomyelin. This result suggests that the association of cholesterol and sphingomyelin is largely unaffected by other phospholipids in the bilayer. was found to be greater than that of POPC in all the above mixtures. An equimolar DPPC/POPC membrane exhibits a clear solid-ordered (so)-liquid disordered (ld) transition between 5 o C and about 33 o C as observed for each lipid by a fairly steep reduction in the average spectral width. Adding sterol generally results in a more gradual change in average spectral width over this temperature range. Depending on the particular sterol, NMR spectra taken in this temperature range either appeared poorly resolved (''blurry'') or displayed coexisting liquid ordered (lo) and ld spectra. Liquid-liquid phase coexistence is observed in DPPC/POPC/ergosterol mixtures. The spectra for DPPC/ POPC/ brassicasterol only exhibited liquid-liquid coexistence when a small concentration (0.02 mol%) of the fluorescent lipid dye TR-DHPE was added to the system. Only one liquid phase was observed for either DPPC/POPC/ 7DHC or DPPC/POPC/stigmasterol. In summary, our interest was to study how liquid phase coexistence in DPPC/POPC/sterol is modified by small changes in the sterol structure. These studies show that ergosterol is the most effective sterol in fostering phase coexistence. Note that in comparison to cholesterol, which does not cause micron scale phase coexistence in DPPC/POPC, ergosterol has an extra double in the fused ring, as well as a double bond at C22. Possible connections between the detailed sterol structures and these observations will be discussed.
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Physical Properties of Inverse-Phosphocholine Lipids Jennifer Berman, Vincenzo Carnevale, Lucie Delemotte. Chemistry, Temple University, Philadelphia, PA, USA. Recently a novel class of lipids has been synthesized, namely Zwitterionic inverse-phsophocholine (iPC) lipids. These lipids contain head groups with an inverted charge orientation with respect to phosphocholine (PC) lipids. The inversion of the dipole moment of the headgroup is expected to have dramatic effects on local electrostatics, which can affect their ability to transport ions and electroporate. We used molecular dynamic simulations to investigate the physical properties of two iPC lipid bilayers whose headgroups have a quaternary amine adjacent to the bilayer interface and a phosphate that extends into the aqueous phase. Specifically, we focus on the profile of the transmembrane potential and compare it to that of POPC, and find that it is positive and on the same order as POPC. We also find that the lipid and water components of the electric potential profile of iPC lipids are inverted and have different magnitudes with respect to POPC. To rationalize these similarities and differences, we perform an analysis of their charge density distributions. Electroporation is an efficient method for intracellular delivery. Although popular, the molecular details of this process are not well understood. Studying of various aspects of membrane electroporation using cells is difficult due to their inherent complexity. The use of membrane models such as giant unilamellar vesicles (GUVs) offers the advantage of well-controlled conditions. Strong electric fields induce deformation and poration of GUVs, with a characteristic relaxation time (Trelax) and pore lifetime (Tpore). Here, we investigate the response of GUVs to electric pulses in three different conditions:
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GUVs encapsulating agarose polymer, and charged GUVs in the presence of NaCl and Triton X-100. Electroporation of vesicles with encapsulated agarose leads to larger values of Tpore and Trelax. For agarose, around 20% of the GUVs expel a gel-like meshwork through the formation of very large pores. Moreover, in most cases the membrane remains permeable to small molecules after macropore closure. These effects do not depend on membrane composition. Negatively charged GUVs in the presence of NaCl display macropores with long lifetime, which quite often lead to vesicle burst as the membrane is transformed into nanotubes along the pore rim. Vesicle bursting and Tpore depend on the fraction of the negatively charged lipid POPG and on [NaCl] (0-5mM). Membrane composition is not altered at the pore rim. In the presence of non-solubilizing concentrations of Triton X-100, electroporation of negatively charged GUVs display a large distribution of Tpore values as compared with Tpore in the absence of Triton X-100 or for neutral GUVs. In summary, Tpore is a suitable parameter in the investigation of various membrane properties under different conditions. Acknowledgments: FAPESP.
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The Effect of Cholesterol on the Morphology of Mixed Phosphatidylinositol/Phosphoinositide/ Phosphatidylethanolamine Model Membranes Katrice E. King, Arne Gericke. Chemistry and Biochemistry, Worcester Polytechnic Institute, Worcester, MA, USA. Although phosphoinositides (PIPs) comprise only a small amount of the total lipids in the inner leaflet of the plasma membrane, they have been shown to play an integral role in many membrane trafficking events. As a precursor to PIPs, Phosphatidylinositol (PI) is also involved in these signaling events. In previous studies we have observed binary mixtures of PI/PC and PI(4,5)P 2 / PC did not yield macroscopically discernible domains, but upon the addition of cholesterol, the mixture was condensed. In addition, we have also observed the cholesterol independent domain formation in ternary mixtures of PI/PI(4,5) P 2 /PC. Currently, we believe that PI causes a ''dilution'' of the negatively charged headgroup of PI(4,5)P 2 , allowing this condensation effect to occur. We have extended this study to include fluorescence microscopy measurements of GUVs and monolayers at the air/water interface ternary mixtures of PC/PI/ P(4,5)P 2 . To better mimic the inner leaflet of the plasma membrane, we will then move ternary mixtures including PE/PI/PI45P 2 , PE/PI/Cholesterol, and PE/PI(4,5)P 2 / Cholesterol.
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Lipid Membranes as Solvent for Carbon Nanoparticles Jonathan Barnoud 1,2 , Giulia Rossi 1,2 , Luca Monticelli 1,2 . 1 Umr-s 665, Univ Paris Diderot, Paris, France, 2 Umr-s 665, INSERM, Paris, France. C60 fullerene has a wide variety of applications, from nanomedicine to energy production. Most of these applications require fullerene to be dissolved, at one point. However, dissolving fullerene is difficult because of its low solubility in most common solvents, including apolar ones like alkanes. Despite low solubility in alkanes, fullerene has been shown to permeate and spread in lipid bilayers under certain conditions. The interior of a lipid bilayer is chemically identical to alkanes, so it is not clear why fullerene behavior in bilayers and alkanes would be different. We used molecular dynamics simulations and the MARTINI coarse-grained force field to understand the different behavior of fullerene in alkanes vs lipid bilayers. We find that the free energy of association between fullerenes in bilayers is lower than in alkanes, and the difference is due mostly to enthalpic contributions, not entropic ones. Confinement of fullerene in the bilayer thickness and alignment of the lipid chains do not contribute to fullerene dissolution in membranes. On the contrary, high solvent density and limited perturbation of solvent-solvent interactions upon solute aggregation favor fullerene dissolution in bilayers. Lipid bilayers are ubiquitous in living systems and their physical properties can easily be tuned by altering head group composition and chain length. We conclude that lipid bilayers are effective, tunable and biocompatible solvents for C60 fullerene. 
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